Abstract: """Tc-HM-PAO single photon emission computed tomography (SPECT) was used to image 30 patients referred for the assessment of dementia. SPECT images revealed various patterns of regional cerebral perfusion (rCBF) in the subgroups of patients with the clinical diagnoses of Alzheimer's disease (AD, n = 14), Pick's disease (n = 1), and multi-infarct dementia (n = 7). In three patients, SPECT clarified the clinical differential diagnostic possibilities. Using a relative rCBF quantification technique, the relationship between specific cognitive impairments and rCBF in the AD patients was determined. There was a significant correlation between language impairment and left hemisphere hypoperfusion, whereas, apraxia correlated with hypoperfusion in the left parietal region. Thus, HM-PAO SPECT is useful as an aid in the differential diagnosis of dementia and the technique of relative rCBF quantification with SPECT may contribute to the understanding of the clinico-anatomical relations of cognitive deficits in dementia.
Whereas x-ray computed tomography (CT) and magnetic resonance imaging (MRI) have revolutionized the evaluation of patients with structural brain damage, these techniques have remained of limited value in the assessment of dementia due to neurodegenerative disease. For the latter, the use of functional neuro-imaging procedures such as single photon emission computed tomography (SPECT) and positron emission tomography (PET) have proven to be more informative for both diagnosis and clinico-anatomical correlation. These techniques can determine various physiological parameters of the brain by employing different radioactive tracers. With SPECT, only regional cerebral blood flow (rCBF) can currently be evaluated in clinical practice, but other tracers including receptor imaging agents are being developed.'- 2 Flow and metabolism, however, are coupled in most chronic pathological states and rCBF SPECT demonstrates comparable images to those obtained by PET using metabolic tracers. 3 In Alzheimer's disease (AD), for example, both SPECT and PET show characteristic perfusion/metabolic deficits in the temporo-parietal regions. In contrast CT and MRI' are either normal or demonstrate only diffuse atrophy. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Although the spatial resolution attainable with PET has generally been superior to that of SPECT, this difference is now diminishing. Recently introduced neuro-dedicated SPECT systems have spatial resolutions approaching those of PET systems. A potential disadvantage of SPECT is the complexity involved in performing absolute quantification measurements. However, several attempts have been made to develop relative quantification techniques using cerebellar perfusion as a reference 1216 " 18 for comparison to other brain regions since the cerebellum is relatively spared in most neurodegenerative disorders. 19 A significant advantage of SPECT over PET, however, is that SPECT is less expensive than PET and hence is more readily available. Thus it is important to determine the usefulness of SPECT and to define its role in the diagnosis of cognitive disorders. Recent evidence suggests that rCBF SPECT can relate specific types of cognitive impairment to selective regional perfusion deficits. 20 " 22 We report here a retrospective survey of clinical, CT, and SPECT findings in 30 patients referred for the assessment of dementia. The aim was to determine the relationship between clinical diagnosis and rCBF deficits, as well as to study the clinico-anatomical relationship between specific types of cognitive impairment and quantified regional perfusion deficits.
METHODS
The subjects consisted of 18 in-patients and 12 out-patients referred for assessment to the Behavioral Neurology Program at Baycrest Hospital, Toronto. Eight normal control (NC) subjects (all right-handed, 4 males and 4 females, age range 61 to 74 years, mean 66 ± 5 years) were selected from a group of subjects who were recruited by newspaper advertisement. They were screened to exclude any history of neuropsychiatric disorders, substance abuse, or head trauma. The NC project was granted ethical approval by the Human Subjects Review Committee of the University of Toronto. All patients were evaluated under the supervision of one neurologist (MF). Thus the assessment tools and diagnostic criteria were the same for all subjects. The data collected included age, sex, duration of disease and the mental status findings. The latter were based upon bedside tests of memory, language, ideomotor praxis, visuospatial performance, manipulation of acquired knowledge, and frontal lobe function. The mental status findings were translated into scores of 3, 2, 1 and 0 representing no, mild, moderate, and severe deficits, respectively. Measures of the general neurological examination included documentation of focal pyramidal and extrapyramidal signs, as well as sensory deficits.
The clinical diagnoses used in this study were the ones made prior to the SPECT imaging. In some cases there was a single diagnosis, whereas in others there was a differential diagnosis (eg., AD vs. multi-infarct dementia). Dementia was defined according to the criteria of Cummings and Benson 23 as an acquired persistent impairment of intellectual function with compromise in at least three of the following spheres of mental activity: language, memory, visuospatial skills, emotion or personality and cognition (abstraction, calculation, judgment, etc.). All AD patients met NINCDS-ADRDA criteria for probable AD. 24 All MID patients had a score of greater than 3 on the Modified Hachinski Ischemic Scale. 25 The severity of dementia was assessed by activities of daily living function and the scores on tests of language, memory, and manipulation of acquired knowledge. 15 minutes later, SPECT imaging was performed using a truncated head rotating gamma camera (Elscint 409 AG) interfaced to a dedicated computer (Elscint PS1). We used a specially designed adjustable head holder to ensure that the camera face was perpendicular to the subject's orbito-meatal (OM) line at the starting position. Sixty 25 second images were obtained through a 360° circular revolution using a high resolution parallel hole collimator. The radius of rotation was 14 cm or less. The full width at half maximum (FWHM) of the system at the centre was approximately 14 mm. A total of 2.5-6.0 million counts were collected. The data were acquired in word mode on a 64x64 matrix, normalized to byte mode, and corrected for non-uniformity according to Elscint specifications. One pixel-thick (7 mm) transaxial slices were reconstructed parallel to the OM line using a modified Hanning back projection filter. A magnification zoom of 1.8 was used during reconstruction. The first order Chang method of attenuation correction was employed. 26 The transaxial data were then reoriented and reconstructed in the one-pixel thick coronal and sagittal planes. Each set of transaxial, sagittal and coronal images was normalized to the average counts per pixel in the cerebellar hemispheres. These images were recorded on film, and visually assessed by a qualified nuclear medicine physician (MI), who was blinded to the clinical data, as follows: first the images were assessed for the technical adequacy. Then each study was assessed to describe rCBF as normal, decreased, or increased, with focal, or diffuse, involvement. Perfusion abnormalities involving more than two contiguous cerebral lobes were classified as diffuse involvement, and abnormal perfusion localized within a cerebral lobe without contiguous involvement of adjacent lobes was classified as focal involvement.
A modification of methods of Johnson et al. 27 and Cohen et al. 28 was used for semiquantitative analysis of the SPECT data. Transaxial slices parallel to the OM line were chosen to include upper and lower limits of the brain, and these were extrapolated using a software program to a constant set of 12 images for each study. We systematically matched well-defined anatomical landmarks on these SPECT images to a template ( Figure 1 ) prepared from a tomographic neuroanatomical atlas. 29 We manually placed square regions of interest (ROIs, 12x12 mm) over 6 regions in each fontal lobe, 2 regions in each temporal lobe, 4 regions in each parietal lobe, 2 regions in each occipital lobe, 1 region in each basal ganglia, and 1 region in each cerebellar hemisphere ( Figure 1 ). Cortical/cerebellar ratios (referred to simply as rCBF ratios hereafter) were calculated using the average of the counts of right and left cerebellar ROIs as the denominator. Thus we obtained a total of 30 rCBF ratios in each study.
Statistical Analysis
We used a commercial software package by BMDP Statistical Software Inc. (1989) . The rCBF ratios were tested for normality by calculating w statistics. Two tailed Student's t tests were performed to compare the AD group with the NC group. Global average values of the 30 rCBF ratios and individual rCBF ratios were used for this comparison. Because group vs. group comparisons may not reveal individual abnormalities when abnormal regions vary from subject to subject as seen in the MID group, we also compared the regional values for individual dementia subjects with the mean values for the NC group. Thirty individual rCBF ratios and hemispheric average values were correlated with the clinical data using Pearson correlation coefficients. Given the large number of variables, no correction for multiple comparisons was made in this study.
RESULTS

Visual Interpretation of SPECT Images
All 38 SPECT studies were visually judged to be technically adequate. In the NC group, 7 subjects showed homogeneous uptake of the radiopharmaceutical throughout the grey matter with greatest activity in the cerebellum followed by the medial occipital lobe. Basal ganglia activity equalled the adjacent cerebral cortical activity. The remaining one subject showed mildly decreased perfusion in the frontal lobes. The demographic data, clinical diagnoses and visual interpretation of SPECT images for the 30 dementia patients are summarized in Table 1 . Of 26 patients with clinical evidence of dementia (considered "mild" in 16 and "moderate" in 10 patients), twenty-five showed perfusion deficits on visual interpretation. The one demented patient with a normal SPECT scan suffered anoxic encephalopathy secondary to a cardiac arrest. The remaining four patients (cases 27 to 30), also referred to the clinic for the assessment of dementia, were found not to be demented according to the criteria of Cummings and Benson. 23 They showed only poor attention and concentration without impairment in other cognitive functions such as memory. They each had a normal SPECT scan.
The patients with AD had SPECT scans which generally showed hypoperfusion of the posterior temporo-parietal regions bilaterally. However, four patients in this group showed asymmetrical involvement, with more pronounced deficits in the left hemisphere ( Figure 2 ) in three patients, and more right sided deficits in one subject. This asymmetrical perfusion deficits have been reported by previously both PET and SPECT studies of Alzheimer's disease. 2130 - 31 In seven of these patients, the rCBF defects also involved the frontal lobe, correlating well with frontal signs on mental status examination. These findings are consistent with reports obtained from pathological studies of AD. 32 One patient, case 18, died and had an autopsy. The neuropathological findings confirmed the diagnosis of AD. CT scans of these AD patients showed very mild to moderate diffuse cerebral cortical atrophy without any specific patterns.
In the MID group, asymmetrical multiple focal deficits constituted a characteristic pattern which is consistent with previous studies using both PET 113335 and SPECT. Figure 3B shows CT scan of the same MID patient. There was mild diffuse cortical atrophy and focal encaphalomalacia corresponding to the two SPECT perfusion defects. No other definite focal CT abnormalities were found. Seven MID patients showed a total of 37 focal perfusion deficits by SPECT, and 15 focal abnormalities consistent with old infarction by CT, including a normal CT in one patient who showed 4 focal SPECT perfusion defects.
The patient with a clinical diagnosis of Pick's disease (Case 21) showed markedly decreased perfusion in the left frontotemporal lobes, and mildly decreased perfusion in the right frontal and left parieto-occipital lobes ( Figure 4A ). This patient's CT scan showed minimal left frontal lobe atrophy ( Figure 4B ). This pattern was in contrast to the most marked perfusion deficits in the posterior temporo-parietal lobes in the AD group. Asymmetrical and most marked fronto-temporal lobar involvement in Pick's disease has been described by CT and PET studies with histopathological confirmation.- 1M9 The parietal and occipital lobes may be involved but to a much lesser degree. 36 Patient 22, on the other hand, had a differential diagnosis of AD versus Pick's disease. The SPECT images showed diffuse perfusion deficits bilaterally most marked in the left posterior temporo-parietal lobes. A diagnosis of AD was thus supported. Follow-up on this patient showed language and memory loss patterns more compatible with AD.
Although rCBF SPECT is more sensitive to cortical than subcortical deficits, SPECT images of a patient with multiple sclerosis (Case 24) did demonstrate hypoperfusion of white matter. There was an apparent enlargement of the lateral ventricles, as compared to their size on CT, due to decreased periventricular perfusion. Subcortical deficits were also demonstrated in the patient with suspected Huntington's disease (Case 25) and are consistent with the findings of Podreka et al. 14 Sharp et al., 7 on the other hand, found no SPECT abnormalities in four patients with Huntington's disease.
Relative Quantification of SPECT Images
The rCBF ratios of the NC and patient groups were normally distributed. The coefficients of variation in rCBF ratios among repeated determinations on the same subject in a single SPECT study averaged 3%. Table 2 shows mean ± SD rCBF ratios for 8 NC subjects and 14 AD patients, and individual rCBF ratios of one MID patient (Case 5) and one Pick's disease patient (Case 21). Regions visually detected as showing decreased perfusion showed rCBF ratios below mean-lSD values of the NC group (Table 2) . Compared with the NC group, the AD group showed significantly lower rCBF ratios, globally (NC: 0.862 ± .041 vs. AD: 0.800 ± 0.038; p < 0.001), and throughout multiple individual regions in the left frontal and temporo-parieto-occipital lobes bilaterally (Table 2) . Marked rCBF reductions were found in the left superior parietal, left inferior parietal, right inferior parietal, and lateral occipital regions (p < 0.001).
In the AD group, there was a significant correlation between language impairment and average left hemisphere hypoperfusion (r = 0.61, p < 0.05). The test scores for "language" were based upon measures of word finding difficulty, naming to confrontation, paraphasia, and auditory comprehension. 40 When individual ROIs within the left hemisphere were considered, the following areas correlated with language impairment: left temporal (r = 0.68, p < 0.05) and left parietal region (r = 0.70,
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in methodology with respect to sample size and diagnostic criteria.
Our criteria were similar to those utilized by Sharp et al. 7 who studied 47 dementia patients, including 14 subjects with AD, diagnosed and classified according to the criteria of the third edition of the American Psychiatric Association Diagnostic and Statistical Manual. The Hachinski Ischemic Score 42 was used to discriminate between AD and MID. The extent of cognitive impairment was determined by a battery of neuropsychological tests. They also observed decreased perfusion on SPECT imaging in all patients with AD, including those with only mild cognitive deficits.
In Reed et al.'s 8 study of 21 patients with AD, the criteria for diagnosis were those of the NINCDS-ADRDA 24 and the degree of severity was determined by the Mini-Mental State Exam (MMSE) as well as a modified version of the California Verbal Learning Test. However, their nine mildly impaired patients had a MMSE mean score of 26.6 which is above the lower limit of normal for the elderly population. Moreover, three of the patients showed only memory problems without impairment in any other area of cognition. Also three mildly and two moderately impaired patients had no SPECT abnormalities. The authors concluded that memory deficits, without other cognitive impairment, may be an early manifestation of AD before SPECT reveals any deficit. In a previous study of nine patients with AD, Jagust et al. 10 used similar criteria. Among their mildly demented patients there was also one whose only cognitive deficit was memory. The nine patients showed temporo-parietal deficits in tracer uptake that were related to the severity of dementia. The results of the above studies cannot be compared to the present series in which patients with memory impairment without additional cognitive deficits were not considered demented. All patients with AD in our series had impairment in at least three cognitive areas, and this may account for the differences in results. Larger samples are necessary to unravel the question of sensitivity of rCBF SPECT to detect very early AD.
One of 8 NC subjects showed mildly decreased perfusion in the frontal lobes on visual inspection compared with the
Figure 3B: CT scan of the same MID patient (selected 2 transaxial images). White arrows indicate focal encephalomalacia corresponding to the perfusion defects in left posterior-superior parietal (a) and left lateral occipital (c) regions. There is mild diffuse cortical atrophy.
THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES p < 0.05). There was also a significant correlation between ideomotor limb praxis and the left parietal region (r = 0.69, p < 0.05). Significant associations found between individual neuropsychological test scores and rCBF ratios are shown in Table 3 . There was no significant correlation between duration of disease or age of onset, and rCBF ratios. However, when corrections for brain volume and atrophy are made, the effects of aging were no longer significant. 43 " 48 Since no such corrections were made in our study, the above findings may be related to selective frontal lobar atrophy with normal aging. Thus it is important to assess the degree of atrophy in interpreting SPECT images. As in the patient with Pick's disease (Case 21), when perfusion deficits are disproportionately more pronounced than the CT evidence of atrophy, the rCBF SPECT constitutes a positive result.
It must be emphasized that rCBF SPECT demonstrates an anatomical profile of functional impairment and does not provide a definitive diagnosis. Therefore, cases in which the different diagnostic possibilities have similar anatomical profiles of perfusion deficits cannot be differentiated by SPECT. This was the situation in Case 20 in which a patient presented with a three year deterioration of speech, mild memory loss and moderate frontal signs. The clinical diagnosis was either progressive aphasia 49 or atypical AD. The SPECT images showed marked hypoperfusion of the left anterior perisylvian area and left frontal lobe. The CT scan of this patient was unremarkable except for diffuse cortical atrophy. In this regard, MRI can rule out possible areas of infarction. Also in situations where perfusion deficits are diffuse due to neurodegenerative disorders, MRI may demonstrate foci of infarction which may coexist with neurodegenerative changes. 7 In fact, cerebral infarction may involve large areas of the brain, giving an AD-like SPECT perfusion pattern. Thus interpretation of rCBF SPECT results of focal or diffuse involvement may be difficult in some situations without supporting morphological imaging and clinical information.
Figure 4B: CT scan of the same Pick's disease patient (selected 2 transaxial images). A minimal cortical atrophy is seen in the left frontal lobe (curved black arrows). This is in contrast to the rCBF SPECT, which shows unequivocal and more extensive perfusion deficits (Figure 4A).
Some patients with dementia may still have normal SPECT findings. Although Sharp et al. 7 found good correspondence between rCBF SPECT findings and clinical diagnoses of AD and MID, patients with alcoholic dementia had normal scans. In the present series, the only severely demented patient who had a normal SPECT scan was the patient with post-anoxic encephalopathy. The cerebellum may be affected in both alcoholic dementia and in post-anoxic encephalopathy. Since the cerebellum is used as a reference point for normalizing rCBF, the findings in these two syndromes may be artifactually normal. This is unlikely, however, since the patient had no cerebellar signs on clinical examination. Lee et al. 50 reported SPECT findings during the acute stage of post-anoxic encephalopathy of decreased perfusion in the right parieto-occipital and left occipital regions. Our patient was scanned in the more chronic stages of (percent of the normal control mean). The significances of the differences between AD and normal control group means are indicated as follows: (*) p < 0.05; (**) p < 0.01; (***)p < 0.001. (*) and (") indicate values less than one and two SDs below the normal mean respectively. For the description of the regions 1-15, refer to the legend in Figure 1 .
hypoxic encephalopathy. Although we do not have a good explanation why the SPECT scan was normal in this case, our data suggest that this modality may be insensitive to this disorder. 
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CONCLUSION
The distribution of cortical dysfunction based upon SPECT perfusion deficits showed characteristic patterns that were in agreement with the clinical diagnosis in 24 of 26 patients with dementia. In 3 patients rCBF SPECT findings were essential in reaching the final diagnosis when two clinical differential diagnoses were entertained. This series underscores the importance of this procedure in the differential diagnosis of dementing disorders. The relative quantitative data suggest that SPECT imaging is a useful procedure for in-vivo research of brain-behaviour relationships by providing a detailed perfusion map of the brain. This technique may also be very useful for identifying specific regions for cerebral biopsy, particularly when the brain is asymmetrically involved, as was the case in 4 AD patients in this study.
We found significant correlation between language impairment and left hemisphere perfusion deficits. This is in agreement with the findings by Burns et al. 20 in their series of 20 patients. Although they used a different quantification method with 10 ROIs, they also found a correlation between language dysfunction and left frontal, left temporal, and left posterior parietal perfusion deficits. Correlation between reduced tracer uptake and language impairment has also been reported in other studies. 2 ' 22 The correlation between ideomotor apraxia and hypoperfusion in the left parietal region was significant. This is again in agreement with the findings reported by others. 20 However, considering the number of variables involved in the statistical analyses, one must be cautious in interpreting the results. Replication of these results using larger samples are required in this regard.
The present study suggests that SPECT can provide important functional information to assist in understanding the anatomy underlying brain-behaviour relationships, as well as in the diagnosis of dementia.
